The aim of this study was to identify uterine pluripotent cells both in bovine uterine tissues as well in epithelial, stromal, and myometrial uterine cell populations. Moreover, the relationship of pluripotent markers expression with age and the uterine horn side was considered. Uterine tissue was collected from ipsilateral and contralateral horns (days 8-10 of the estrous cycle). Immunohistostaining for C-KIT, OCT3/4, NANOG, and SOX2 in uterine tissue was determined. mRNA expression of C-KIT, OCT3/4, NANOG and SOX2 was evaluated in uterine tissue relative to the age of the cow and uterine horn side. Gene and protein expression of these markers in the uterine luminal epithelial, stromal, and myometrial cells was evaluated by real-time PCR and western blotting respectively. The expression of pluripotent cell markers OCT3/4, NANOG, and SOX2 was identified by flow cytometry assay in epithelial, stromal, and myometrial cells. Multilineage differentiation of the bovine uterine cells was performed. mRNA expression of OCT3/4, NANOG, and SOX2 in uterine tissue was higher in the ipsilateral horn than in the contralateral horn. Flow cytometry assay revealed positive fluorescence for OCT3/4, NANOG, and SOX2 in all uterine cell types. Results showed the age-dependent expression of pluripotent markers in uterine tissue. Beside, the different expression of pluripotent cells in each horn of uterus suggests the influence of ovarian hormones on these characteristics. The highest mRNA and protein expression for pluripotent markers was observed in stromal cells among uterine cells, which indicates this population of cells as the main site of pluripotent cells in the cow uterus.
Introduction
Stem cells are undifferentiated, primary cells that are able to self-renew by producing identical daughter cells, or to produce daughter cells of multiple cell lineages, that are more specialized than the parent cells (Gargett 2004) . There are two main kinds of stem cells: embryonic stem cells (ESc) and adult stem cells (persisting in adult organs). ESc are derived from the inner cell mass of the blastocyst and are pluripotent, which means that they possess the ability to differentiate into cells of all three germ layers: ectoderm, mesoderm, and endoderm (Du & Taylor 2009 ). The adult stem cells reside in many organs and tissues in structures called niches. These niches provide the stem cells with a proper microenvironment and signal them to divide into daughter cells (Figueira et al. 2011) . The adult stem cells, unlike pluripotent ESc, are multipotent and can produce a limited range of cell lineages depending on their location. However, recent studies have proven that the plasticity of adult stem cells is more extensive. These cells are mainly involved in tissue regeneration and growth (Du & Taylor 2009) . Changes that occur in the endometrium during reproductive cycles require remarkable proliferation capacity, thus stem cells may be involved in tissue growth, remodeling, and regenerative processes (Gargett 2004 , Gargett et al. 2012 .
During reproductive cycles and pregnancy, under the influence of ovarian hormones, the uterus undergoes intensive changes that are likely supported by uterine stem cells in women and mice (Figueira et al. 2011 , Xu et al. 2011 . The estrogen levels are elevated during the proliferative/follicular phase of the estrous cycle and cyclically promote proliferation of luminal and glandular epithelial cells in the endometrium. It has been suggested that the regeneration and growth of new glands and stromal morphology elements in the endometrium are the product of stem cell populations (Gargett 2004 , Teixeira et al. 2008 . In cow proper cyclicity and endometrial functions are extremely important for breeding reproductive status of the animal. The ovarian hormone-dependent morphogenesis of endometrial glands is probably the result of stem cells proliferation and the key aspect for successful implantation of bovine embryo (Spencer et al. 2004 ). Therefore our study concerns the identification of stem cells in the bovine uterus.
Cells derived from human endometrial tissue have clonogenic activity and are able to give rise to mesenchymal lineages in vitro, such as adipocytes, smooth muscle cells, chondrocytes, and osteoblasts, which suggest that these cells constitute the population of mesenchymal stem cells (MSc; Schwab & Gargett 2007) . In women, the basal lining of the endometrium, which is known to be responsible for regeneration of cyclically shedded endometrial functional layer, is the most likely place in which endometrial stem cells reside (Maruyama et al. 2010) . Recent studies have also pointed out the presence of stem cells in the myometrial layer of the human uterus as well, where they contribute to uterine remodeling, especially during pregnancy (Ono et al. 2012 , Maruyama et al. 2013 . Abnormalities in uterine stem cell functions are potentially associated with the development of gynecological disorders such as adenomyosis, uterine cancers, or endometriosis in women. These diseases are connected with abnormal proliferation of uterine cells, which may occur when stem cells are exposed to pathological hormonal stimuli (Gargett et al. 2012) .
Several markers for stem cells in human uterus have been identified; however, these markers are not highly specific for endometrial stem cells (Schwab et al. 2008) . In the endometrium, the most commonly mentioned markers, indicating stem cell properties are cell membrane antigen C-KIT, also known as CD117, and intracellular transcription factor OCT3/4. The C-KIT marker is usually associated with hematopoietic stem cells and its expression may suggest a medullary origin of these stem cells (Cho et al. 2004 , Schwab et al. 2008 . Moreover, identification of two other nuclear transcription factors, NANOG and SOX2, allows for determining the presence of stem cells in the uterus. These markers, which are characteristic for pluripotent cells, are expressed in ESc (Calloni et al. 2013) and, as recent studies have shown, also in MSc, settled in reproductive organs (Izadpanah et al. 2005 , Lee et al. 2013 , Stimpfel et al. 2013 . Therefore, we selected OCT3/4, NANOG, and SOX2 as the markers of non-differentiated state and pluripotency/multipotency of cells residing in the bovine uterus. We have also determined the expression of C-KIT as the marker of multipotent cells that may migrate into uterine tissues from bone marrow.
In this study, we hypothesized that pluripotent cells are present in the bovine uterus, in different uterine cell populations, and their functions are age and uterine horn side dependent, thus we i) localized the pluripotent markers in bovine uterine tissue; ii) studied the C-KIT, OCT3/4, NANOG, and SOX2 mRNA expression in uterine tissues, relative to the age of cows and uterine horn side; iii) determined C-KIT, OCT3/4, NANOG, and SOX2 expression at mRNA and protein level in uterine cells; iv) identified stem cell markers, OCT3/4, NANOG, and SOX2, in bovine uterine cell populations derived from different uterine layers by flow cytometry; v) confirmed pluripotency/multipotency of the bovine uterine cells by multilineage differentiation.
Materials and methods
A total of 32 healthy cows were used for post-mortem collection of uteri. Of those, 24 Israeli Holstein Fresian Black and White cows uteri were used for determination of mRNA and protein localization in experiments 1 and 2, and other uteri (nZ8) from Holstein/Polish Black and White cows (75/25% respectively) for in vitro studies in experiments 3, 4, and 5.
Before slaughter, for each cow, information about the age and the number of lactations was recorded and absence of previous metritis was confirmed. The reasons for culling animals from the herd were economic aspects and renewal of the herd in the case of older cows.
For experiments 1 and 2, the uterine tissues (days 8-10 of the estrous cycle) were collected post mortem from a slaughterhouse in Holon (Israel) from ipsilateral and contralateral horns of the same uterus and divided into two pieces. The first piece was directly frozen and stored in liquid nitrogen for mRNA isolation, and the second one was fixed in 4% paraformaldehyde (PFA) for immunostaining.
For experiments 3, 4, and 5, the uterine tissues (days 8-10 of the estrous cycle) were collected post mortem at the Meat Processing Plant 'Warmia' (Biskupiec, Poland) and transported on ice to the laboratory within 40 min for in vitro cultures.
The day of estrous cycle for all experimental cows was estimated by macroscopic observation of the ovaries and uterus and by determination of progesterone (P 4 ) levels in peripheral blood plasma by direct enzyme immunoassay (EIA).
Uterine cells isolation and in vitro cultures
The uterine horns ipsilateral to the active ovary, with present corpus luteum, were used for further isolation of cells. The endometrial epithelial and stromal cells were isolated through enzymatic dissociation as described previously . After endometrial cells isolation, the myometrial layer of the uterus was exposed and then dissected with scissors. About 4 cm long fragments of muscle tissue were chopped up with scissors into the homogenous material. The chopped tissue (w5 g) was digested in 50 ml of M199 medium (Sigma, M2520) containing 0.1% of BSA (Sigma, A2058), 20 mg/ml of gentamicin (Sigma, G1271), 2 mg/ml of collagenase I (Sigma, C0130), 1 mg/ml of deoxyribonuclease (Sigma, D5025), and 2 mg/ml of dispase (Life Technologies, 17105-041) . The enzyme-solution with myometrial tissue was held at 37.5 8C by stirring for 30 min. After digestion, the cell suspension was filtered through a mesh to remove undigested tissue fragments and then the cells were washed by centrifugation (10 min at 100 g, at 4 8C). The cells were resuspended in the culture medium (DMEM; Sigma, D5796) supplemented with 10% of FCS (Sigma, 12133C) and antibiotics (gentamicin/amphotericin B; Life Technologies, 1153727).
The cells of each layer of the uterus were seeded separately at a density of 1!10 6 of living cells/ml in 1 and 2 ml culture medium per well in collagen-coated 24-well and 6-well plates, respectively, or in 8 ml of medium per collagen-coated 25 cm 2 flask (Biocoat; BD Bioscience, 4408, 4400, 4484, Bedford, MA, USA) and cultured at 37.5 8C in a humidified atmosphere of 5% CO 2 , 95% air. The medium was changed every 2 days until confluence was reached. Cell culture homogeneity was confirmed using real-time PCR for mRNA expression and determination of VE-cadherin, vimentin, and desmin in epithelial, stromal, and myometrial cells respectively (Zeiler et al. 2007) .
For flow cytometry assays, cell cultures from the 25 cm 2 flasks, after confluence was reached, were trypsinized with trypsin/EDTA solution (Sigma, T1763). The trypsin solution was washed out by centrifugation (10 min at 100 g, at 4 8C) with the culture medium containing 10% of FCS. The cells were resuspended in 1 ml of sterile Hank's Buffered Salt Solution (HBSS; Sigma, H6648) with 1% of BSA.
Experimental procedure
Experiment 1: immunodetection of C-KIT and pluripotent markers in bovine uterine tissues C-KIT and the stem cell markers OCT3/4, NANOG, and SOX2 in different layers of uterine ipsilateral (nZ8) and contralateral horns (nZ8), i.e., endometrium and myometrium, were localized by immunohistochemistry.
Experiment 2: expression of C-KIT and transcriptional factors OCT3/4, NANOG, and SOX2 mRNA in uterine tissues relative to the age of cows and uterine horn side
This experiment was carried out to assess whether there are changes in C-KIT, OCT3/4, NANOG, and SOX2 gene expression in bovine uterine tissues at different ages of animals and between uterine horns. Cows were divided into two groups: II-IV (nZ12) and V-VII lactation (nZ12). The level of expression of C-KIT gene indicated the origin of stem cells. mRNA was isolated from the fragments (w30 mg) of ipsilateral (nZ24) and contralateral uterine horns (nZ24) consisting of endometrial and myometrial layers. The expression of genes for C-KIT, OCT3/4, NANOG, and SOX2 was determined by quantitative real-time PCR.
Experiment 3: expression of C-KIT, OCT3/4, NANOG, and SOX2 mRNA and protein in uterine cells, and C-KIT receptor ligand levels in uterine cells-conditioned culture media This experiment was carried out to assess whether there are changes in C-KIT, OCT3/4, NANOG, and SOX2 expression among epithelial, stromal, and myometrial bovine uterine cells (nZ8). The level of expression of C-KIT marker was used to indicate the origin of stem cells.
In individual cell cultures, C-KIT, OCT3/4, NANOG, and SOX2 mRNA expression was determined by quantitative real-time PCR. Protein concentrations for pluripotent markers were examined in different cell types by western blotting analysis. The levels of C-KIT receptor ligand, also called stem cell factor (SCF), were measured in the uterine cell culture media by ELISA.
Experiment 4: identification of stem cell markers OCT3/4, NANOG, and SOX2 in different uterine cell populations This experiment was carried out to determine the presence of pluripotency markers, and the transcriptional factors OCT3/4, NANOG, and SOX2, in cells originating from different layers of the bovine uterus (nZ8). For this purpose, cultured epithelial, stromal, and myometrial cell populations were examined by flow cytometry assays (fluorescence-activated cell sorting (FACS)).
Experiment 5: in vitro differentiation of the bovine uterine cells into adipogenic, chondrogenic, and osteogenic lineages This experiment was carried out to determine the pluripotent/ multipotent properties in the bovine uterine epithelial, stromal, and myometrial cells. Thus, the cells were differentiated in vitro into three mesenchymal lineages under the influence of adipogenic, chondrogenic, and osteogenic media (nZ4).
Total RNA isolation
Total RNA was extracted from uterine tissues and cultured cells using TRI-Reagent (Sigma, T9424) according to the manufacturer's instructions. The content and purity of RNA were assessed on a NanoDrop 1000 (Thermo Fisher Scientific, ND-1000, Wilmington, DE, USA). One microgram of each sample of total RNA was reverse transcribed to cDNA using the QuantiTect Reverse Transcription Kit (Life Technologies, 205313), as described in the supplier's protocol. The cDNA obtained was stored at K20 8C until real-time PCR.
Real-time PCR quantification
Quantitative real-time PCR was performed using the Applied Biosystems 7900 (Applied Biosystems) with the KAPA SYBR FAST qPCR Kit (Kapa Biosystems, KK4602, Boston, MA, USA) according to the manufacturer's instructions. The real-time PCR mix (20 ml) contained 19 ml of KAPA SYBR FAST Master Mix, 0.5 mM of sense and antisense primers, and 1 ml of reverse transcribed cDNA (50 ng). The primer sequences used for determination of C-KIT, OCT3/4, NANOG, SOX2, and glyceraldehyde 3-phosphate dehydrogenase (GAPDH) mRNA expression are given in Table 1 . Standard curves consisting of serial dilutions of the appropriate cDNA were plotted for efficiency evaluation. Amplification was preceded by an initial enzyme activation step (3 min, 95 8C). The PCR steps were as follows: 40 cycles of denaturation (1 s, 95 8C) and then annealing and extending (20 s, 60 8C). After amplification, melting curves were acquired by stepwise increases at a temperature of 50-95 8C to ensure that a single product was amplified and no primer-dimer structures were formed. Control reactions in the absence of the template or primers were performed to confirm that products were free from genomic DNA contamination. Dissociation curves analysis was carried out after each real-time experiment to confirm the presence of only one amplification product. Data were normalized using 
Fluorescence-activated cell sorting
In flow cytometry analysis, 1 ml samples of cells were used at a concentration of 1!10 7 /ml. Flow cytometry was performed using a pluripotent stem cell transcription factor analysis kit (BD Stemflow, 560589) according to the manufacturer's procedures. Briefly, single-cell suspensions were washed twice in PBS and fixed in BD cytofix buffer. After washing, cells were resuspended in 1! BD perm/wash buffer to permeabilize them. To stain cells, OCT3/4-PerCP Cy5.5, SOX2-Alexa Fluor 647, and NANOG-PE were added for 30 min with incubation at room temperature (21 8C, RT). The antibodies were conjugated with three different fluorochromes and used simultaneously to stain pluripotent transcription factors in the same cell population. Concomitantly, a second sample of the cells was stained with isotype controls (nonspecific binding). Immediately after the cell-stain incubation, flow analysis was performed. All analyses were performed on a BD FACSAria II Cell Sorter (Becton Dickinson, San Jose, CA, USA).
Hormone determination P 4 levels in plasma were measured using EIA as described previously (Skarzynski et al. 2003) . The antibodies (anti-P 4 , code SO/91/4; kindly donated by Prof. S Okrasa, WarmiaMazury University, Olsztyn, Poland) were characterized previously (Ciereszko et al. 2001) .
The standard curve ranged from 0.39 to 100 ng/ml and the effective dose for 50% inhibition (ED 50) of the assay was 4.5 ng/ml. The intra-and inter-assay coefficients of variation (CV) were 5.5 and 8.5% respectively.
ELISA
The SCF were measured using the ELISA Kit (Abcam, 108901, Cambridge, UK) as described in the supplier's protocol. The standard curve ranged from 40 to 0.156 ng/ml and the minimum detectable dose of C-KIT receptor ligand was 0.15 ng/ml. The intra-and inter-assay coefficients (CV) were 4.5 and 7.2% respectively.
Immunohistochemistry
Cross-sections of uterine horn samples were fixed in 4% PFA in 0.1 M PBS (pH 7.4) and cryoprotected in 18% sucrose. Immunostaining was carried out on consecutive 7 mm cryostat sections. To block endogenous peroxidase, the sections were treated with hydrogen peroxide in methanol and washed in 0.1 M PBS. The sections were blocked with 10% normal goat serum (Sigma, G9023) for 1 h at RT, incubated overnight at RT with a 1:100 dilution of anti-C-KIT (Dako, K1906, CA, USA), anti-OCT3/4 (Abcam, 19857), anti-NANOG (Abcam, 80892), or anti-SOX2 (Sigma, S9072) antibodies, washed in PBS, incubated for 1 h with a 1:25 000 dilution of biotinylated antirabbit (Vectastain ABC Kit; Vector Laboratories, PK 4001, Burlingame, CA, USA) antibodies, then washed, incubated for 45 min with the ABD reagent in PBS, and washed again. Proteins were visualized by incubating the sections in 0.3 mg/ml 3,30-diaminobenzidine tetrahydrochloride in 0.01% hydrogen peroxide in Tris-buffered saline (pH 7.2) for 2-3 min. Finally, the sections were dehydrated and coverslipped with the DPX mounting medium (Park Scientific Ltd, D-11601, Northampton, UK). To determine the specificity of the immunohistochemical staining, two controls were performed: first, the primary antibody was omitted during the Table 1 Oligonucleotide sequences used for real-time PCR.
Gene
Oligonucleotide sequences Product size (bp) GenBank immunostaining procedure; second, the primary antibody was substituted with a nonspecific IgG. Observations and photographs were made using a light microscope (Nikon FXA, Tokyo, Japan).
Western blotting analysis
Proteins from in vitro cultured cells were released using a lysis buffer containing 50 mM Tris-HCl (pH 8.0), 150 mM NaCl, 5 mM EDTA, 0.1% SDS, 1% TritonX-100, 0.5% sodium deoxychelate, and protease inhibitors (Sigma, P8340). The lysates were stored at K86 8C until further analysis. Protein concentrations were measured by the Bradford method. The western blotting analysis was carried out as described previously (Korzekwa et al. 2011) . Equal amounts of protein were dissolved in SDS gel-loading buffer, heated to 95 8C for 4 min, and separated in 8% SDS-PAGE for C-KIT and 10% for OCT3/4, NANOG and SOX2. Separated proteins were electroblotted onto 0.2 mm nitrocellulose membranes in a transfer buffer. After blocking in 5% non-fat dry milk in TBS-T buffer for 1.5 h at RT, the membranes were incubated overnight with a 1:100 dilution of anti-C-KIT (Dako, K1906), anti-OCT3/ 4 (Abcam, 19857), anti-NANOG (Abcam, 80892), or anti-SOX2 (Sigma, S9072) antibodies; GAPDH (Sigma, G8795; monoclonal anti-glyceraldehyde-3-phosphate dehydrogenase antibody produced in mouse) expression was used as a reference. Proteins were detected by incubating the membranes with a 1:20 000 dilution of secondary polyclonal antirabbit or anti-goat alkaline phosphatase-conjugated antibodies (Sigma, A 3687, A 3562) for 1.5 h at RT. The western blots were quantitated using the Kodak 1 D program (Eastman Kodak).
Multilineage differentiation
Bovine epithelial, stromal, and myometrial cells were cultured separately in standard conditions until w90% confluence. Then the cells were stimulated the using Adipogenesis Differentiation Kit (Gibco, Life Technologies, A10070), Chondrogenesis Differentiation Kit (Gibco, Life Technologies, A10071), or Osteogenesis Differentiation Kit (Gibco, Life Technologies, A10072) for 14 days. Differentiating media, supplemented with gentamicin/amphotericin B (Life Technologies, 1153727), were changed every 2-3 days. Simultaneously, for controls, the cells were cultured for 14 days in DMEM (Sigma, D5796) supplemented with 0.1% BSA and antibiotics (gentamicin/amphotericin B; Life Technologies, 1153727). The cells after adipogenic differentiation and in relative nontreated controls were fixed with 10% PFA and stained with Oil Red O (Sigma, O0625) to visualize accumulation of lipid droplets. Following chondrogenic differentiation and control cultures, the cells were fixed using 4% PFA and dyed with Alcian Blue 8GS (AppliChem, A2124, Darmstadt, Germany) to stain glycoproteins and glycosaminoglycans. The cells after osteogenic differentiation and in relative controls were fixed with 4% PFA and stained with Alizarin Red S (AppliChem, A2290) to visualize calcium deposition (cells mineralization). Observations and photographs were made using an inverted light microscope (Olympus DP25, Tokyo, Japan). 
Statistical analyses
For experiment 2, statistical analysis was performed using Student's t-test (GraphPad PRISM Version 5.00, San Diego, CA, USA). All data are expressed as meansGS.E.M. Differences were analyzed between the ipsilateral and contralateral horn of the same uterus and considered to be significant at P!0.05. The differences between bovine uteri collected from younger (II-IV lactation) and older cows (V-VII lactation) were considered to be significant at *P!0.05.and **P!0.01. The statistical significance of differences between epithelial, stromal, and myometrial cells (experiments 3 and 4) was analyzed by one-way ANOVA followed by Newman-Keuls's post hoc test (ANOVA; GraphPAD PRISM), if the initial ANOVA was significant (P!0.05), differences are indicated by letters. All data are expressed as meansGS.E.M.
Results

Experiment 1: immunodetection of C-KIT and pluripotent markers in bovine uterine tissues
Immunohistochemical staining revealed C-KIT localization in the lymphatic and blood vessels of stromal and myometrial endothelium in both horns of the uterus (Fig. 1A) . Staining for OCT3/4 was weakly observed mainly in the stromal layer (Fig. 1B) , whereas NANOG immunostaining was highly expressed evenly in the stromal layer of both uterine horns (Fig. 1C) . SOX2 immunostaining was revealed mainly in the myometrial layer, in the single muscle cells (Fig. 1D ) of both uterine horns.
Experiment 2: expression of C-KIT and transcriptional factors OCT3/4, NANOG, and SOX2 mRNA in uterine tissues relative to the age of cows and uterine horn side There were no changes in C-KIT mRNA expression either in younger or older cows, or between the ipsilateral and contralateral horns of uteri ( Fig. 2A) .
Expression of OCT3/4 and NANOG mRNA was upregulated in uterine tissue from the ipsilateral horn in cows between lactations II and IV compared with older cows (between lactations V and VII, P!0.01; Fig. 2B and C ). There were no changes in OCT3/4 and NANOG mRNA expression between younger and older cows in the contralateral uterine horns (Fig. 2B and C) . OCT3/4 and NANOG mRNA expression was similar in younger or older cows in both uterine horns (Fig. 2B and  C) , with the exception of OCT3/4 mRNA expression in ipsilateral horns in younger cows, which was higher compared with contralateral horns of younger cows (P!0.05; Fig. 2B ).
Transcripts for SOX2 in endometrial tissue increased with age. In tissues collected from both ipsilateral and contralateral uterine horns, SOX2 mRNA expression was elevated in cows between lactations II and IV compared with older animals between lactations V and VII. The expression of SOX2 was higher in ipsilateral than in contralateral uterine horn (P!0.05; Fig. 2D ). The cells viability, about 95% of live cells, was determined by 0.3% trypan blue dye exclusion. C-KIT mRNA expression was the highest in stromal cells compared with other uterine cells (P!0.05; Fig. 3A) . Bovine bone marrow tissue was used as a positive control for C-KIT mRNA expression (data not shown).
There were no significant differences in OCT3/4 and SOX2 mRNA expression, as determined by realtime PCR, in different in vitro-cultured uterine epithelial, stromal, and myometrial cells (Fig. 3B and D) . NANOG mRNA expression was the highest in stromal uterine cells, lower in myometrial cells, and the least in epithelial cells (P!0.05; Fig. 3C ).
There were no significant differences in C-KIT protein concentrations among different types of uterine cells cultured in vitro (Fig. 4A) . Bovine bone marrow tissue was used as a positive control for C-KIT protein expression (data not shown).
The patterns for protein expression of OCT3/4, NANOG, and SOX2 were similar to mRNA expression. OCT3/4 protein expression was the highest in stromal uterine cells compared with the other uterine cells (P!0.05; Fig. 4B ). NANOG protein concentration was the highest in stromal uterine cells, lower in myometrial cells, and the lowest in epithelial cells (P!0.05; Fig. 4C ). SOX2 protein concentrations were at the same level in all populations of in vitro-cultured uterine cells (Fig. 4D) . C-KIT receptor ligand level, measured by ELISA, in epithelial and myometrial uterine cells was over 45% higher than in stromal cells (P!0.05; Fig. 5 ).
Experiment 4: identification of stem cell markers OCT3/4, NANOG, and SOX2 in different uterine cell populations OCT3/4, NANOG, and SOX2 were identified in epithelial, stromal, and myometrial uterine cells by flow cytometry analyses (Fig. 6A and B ). There were no statistical differences between OCT3/4 and SOX2 fluorimetric staining (PO0.05; Fig. 6A ), but NANOG staining was the highest in stromal cells (P!0.05; Fig. 6A ).
Experiment 5: in vitro differentiation of the bovine uterine cells into adipogenic, chondrogenic, and osteogenic lineages Bovine uterine cells: epithelial, stromal, and myometrial as well, accumulated lipid droplets, after treatment with adipogenesis differentiation medium (Fig. 7A) , not observed in non-treated cultures (Fig. 7B) . Chondrogenic differentiation was observed in the cells stimulated with the chondrogenic medium (Fig. 7C) , but was absent in non-stimulated cells (Fig. 7D) . The uterine cells accumulated calcium depots after treatment with osteogenic medium (Fig. 7E ), but not in negative control cultures (Fig. 7F ).
Discussion
In this study, we identified pluripotent cells in bovine uterine tissues and in different uterine cell populations. Moreover, we have demonstrated that mRNA expression of stem cell markers in uterine tissues was the highest in the ipsilateral horn compared with the contralateral horn. Furthermore, we examined changes in mRNA expression for pluripotency markers in uterine tissues from cows at lactations II-IV and V-VII, and revealed a decrease in pluripotent transcription factor expression in older cows. We also showed differences in the expression of mRNAs and proteins for the pluripotency markers C-KIT, OCT3/4, NANOG, and SOX2 in in vitrocultured uterine epithelial, stromal, and myometrial cells. Furthermore, we confirmed that the isolated pluripotent/multipotent bovine uterine cells are able to differentiate in vitro under adipogenic, chondrogenic, and osteogenic conditions. To our knowledge, this is the first study that concerned the identification of stem cell markers in the bovine uterus relative to animals' age, uterine horn side, and type of uterine cells. Donofrio et al. (2008) were the first ones to isolate from the bovine uterus a population of endometrial stromal cells that displayed the capacity to differentiate in vitro into bone tissue. That study suggests that in the bovine endometrium exists a population of cells possessing wide plasticity of phenotype, and that they may differentiate into distinct mesenchymal cell lineages, which are characteristics of MSc (Donofrio et al. 2008) . In women, stem cells are present in uterine tissue throughout their whole life (Cho et al. 2004) . However, that study focused only on endometrial expression of the hematopoietic stem markers C-KIT and CD34. The expression of C-KIT protein in human endometrium was mainly limited to the basal layer of the uterus and was more abundant in the secretory phase than in the proliferative phase during the female reproductive cycle (Cho et al. 2004) . Apart from that report, there is a lack of studies on age-dependent changes in the presence of stem cell markers in the uterus, and there are no such studies in domestic animals. In this study, we showed that all the pluripotent transcription factors were expressed at higher levels in the uteri from cows at lactations II-IV compared with cows at lactations V-VII. These results indicate that stem cells are more abundant in the uteri of younger animals. On the other hand, in both groups C-KIT receptor mRNA expression was at the same level, which suggests that stem cells from bone marrow migrate to the uterus throughout the whole life of the animal and is not agedependent. Moreover, the differences in the mRNA expression of transcription factors SOX2, OCT3/4, and NANOG between ipsilateral and contralateral uterine horns, revealed in this study, indicate a local influence of ovarian steroids on uterine stem cell activity. Whereas mRNA expression of C-KIT at the same level in both horns demonstrates that there is also a population of stem cells in the bovine uterus of medullary origin, they migrate there independent of the ovarian hormonal status of the animal. Nevertheless, further studies concerning the influence of steroid hormones on bovine stem cell functions in uterus are required.
In this study, we took several approaches to identify stem cells in the populations of bovine uterine cells. Our results clearly confirm that stemness markers such as C-KIT, OCT3/4, NANOG, and SOX2 are expressed not only in cultured endometrial epithelial and stromal cells but also in myometrial uterine cells, at the gene and protein level. These transcription factors indicate the pluripotency of the cells and are expressed in ESc, cancer stem cells, and also in cells residing in reproductive organs as well (Calloni et al. 2013 , Luo et al. 2013 , Stimpfel et al. 2013 . NANOG mRNA expression was elevated in stromal uterine cells in our study. In addition, expression of OCT3/4 and NANOG protein was increased in stromal cells compared with other uterine cells. These results suggest that the endometrial compartment of the uterus is the main site of uterine stem cells in the cow. This is consistent in studies conducted in women, in which stem cells reside mainly in the basal layer of the endometrium, and are responsible for formation of uterine glands and endometrial regeneration (Maruyama et al. 2010) . However, in cow, mRNA and protein expression and immunostaining all showed the presence of stem cell markers in the uterus as well as in the myometrial layer. In women's uteri, stem cells have already been identified in the myometrium (Teixeira et al. 2008 , Maruyama et al. 2010 , Figueira et al. 2011 . In this part of the uterus, even though stem cells play an important role in uterine enlargement during pregnancy, they may also contribute for the development of myometrial cancer in woman (Maruyama et al. 2010 ) and structural and functional dysfunction, such as adenomyosis, in cows (Korzekwa et al. 2013) . We confirmed the presence of pluripotent markers in uterine cells by flow cytometry. We identified a population of cells carrying the stem cell markers OCT3/4, NANOG, and SOX2 in the in vitro-cultured cells isolated from particular uterine layers. Our cytometric results suggest that stem cells constitute a small population of the cells in the bovine uterus. This suggestion is consistent with studies on women, mice, and pigs, in which different stem cell identification approaches showed that in the uterine tissue of these species the pluripotent/multipotent cells populations were minor (Chan et al. 2004 , Teixeira et al. 2008 , Miernik & Karasinski 2012 . Stem cells also persist in small amounts throughout life in other regenerative adult tissues such as epithelia, bone marrow, and dental pulp (Pittenger et al. 1999 , Gronthos et al. 2000 , Slack 2000 . However, stem cells with their highly proliferative properties even in small populations are able to regenerate and renew tissues in the event of damage, as well as in normal functions (Slack 2000) .
We also demonstrated the pluripotency/multipotency of bovine uterine epithelial, stromal, and myometrial cells by multilineage differentiation assay. The uterine cells differentiated in vitro, under proper conditions, into three mesenchymal lineages: adipogenic, chondrogenic, and osteogenic. These results suggest the wide plasticity of phenotype of bovine uterine cells and the presence of undifferentiated stem cells in the bovine uterus, thus we confirmed and extended the results obtained by Donofrio et al. (2008) .
The presence of small populations of stem cells in the uterus is evident, but it remains unclear whether these cells primarily reside in the uterus or whether they migrate there from bone marrow through blood vessels (Maruyama et al. 2010) . It is proven that bone marrowderived stem cells (BMSC) may settle and differentiate in the uterus. After bone marrow transplantation in women and mice, genetic chimerism of endometrial cells was observed (Figueira et al. 2011) . Moreover, mouse BMSC under the influence of estradiol (E 2 ) and the environment of endometrial stromal cells differentiated into endometrial epithelial cells (Zhang et al. 2012) . Therefore, bone marrow may also constitute the source of cells involved in endometrial regeneration (Figueira et al. 2011) . In our study, we identified pluripotency markers, transcription factors, characteristic of ESc (OCT3/4, NANOG, and SOX2), as well as C-KIT receptor, which is believed to be the typical marker for hematopoietic stem cells derived from bone marrow (Cho et al. 2004) . Hence, we presumed that C-KIT is a marker distinguishing BMSC in uterine tissue from residual stem cells. As immunostaining showed, C-KIT receptor was abundantly expressed in cells localized near blood vessels, which may indicate the medullary origin of cells containing C-KIT (Woidacki et al. 2013) . Furthermore, C-KIT mRNA expression was increased in cultured bovine uterine stromal cells, which suggests that this compartment of the endometrium is the main location where hematopoietic stem cells settle. Elevated expression of C-KIT mRNA in cultured stromal cells confirms the high proliferative potential of these cells (Woidacki et al. 2013) . In the medium conditioned by culture of stromal cells vs epithelial and myometrial cells, decreased levels of SCF, which binds to C-KIT, may suggest activation of signaling through C-KIT by utilizing SCF, which is characteristic for stem cells (Zhang & Anthony 1994) . We have shown that pluripotent markers are expressed in uterine tissue depending on age and horn side, which suggests the influence of ovarian hormones on uterine stem cells properties. Furthermore, our results indicate that stem cells are present mainly within the bovine uterine stromal cell population but also among epithelial and myometrial cell populations. Thus, uterine stem cells may play an important role in bovine reproduction, and resolution of this issue will require further studies.
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